INTRODUCTION
The incidence and prevalence of diabetes has increased significantly throughout the world, and the costs of caring for people with diabetic kidney disease are extraordinarily high 1 . The annual number of dialysis inductions in Japan resulting from diabetes was 16,103 in 2016 2, 3 , and the Japanese Ministry of Health, Labor and Welfare started, and have been actively promoting, a program to prevent the aggravation of diabetic nephropathy. Identification and effective screening of high-risk patients are important, along with administration of effective medications to reduce the progression from diabetic kidney disease to end-stage kidney disease (ESKD) 4 . Extensive studies of patients with type 1 diabetes at the Joslin Clinic over a period of 25 years showed that the predominant clinical feature of diabetic nephropathy was progressive renal decline (estimated glomerular filtration rate [eGFR] loss >3.5 mL/min/year), and that the prevalence of decliners (patients with renal decline) was 10, 32 and 50% in patients with normoalbuminuria, microalbuminuria and macroalbuminuria, respectively 5 . Predominantly based on North American and European studies, a 30-40% decline in eGFR over a few years is strongly associated with the risk of ESKD, and has been proposed as a surrogate end-point for ESKD in clinical research 6 . A cohort study to investigate the association between the decline in eGFR and the subsequent risk of ESKD was carried out in Japanese patients with type 2 diabetes 4, 7 . In the study, a 20% decline in eGFR over 2 years, in addition to the 30-40% decline, was the candidate surrogate end-point for ESKD in diabetic kidney disease (hazard ratio of subsequent ESKD was 3.9 [95% CI 2.2-7.0] at 2 years and 5.4 [95% CI 2.3-12.8] at 3 years in the study) 7 . In a consensus report by the American Diabetes Association and the European Association for the Study of Diabetes on managing patients with hyperglycemia, sodium-glucose cotransporter 2 inhibitors (SGLT2i) are recommended for patients with type 2 diabetes and chronic kidney disease (CKD), because they showed beneficial effects on the renal end-points 8 , albeit as secondary outcomes, in large cardiovascular outcomes trials, such as Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients Removing Excess Glucose, Canagliflozin Cardiovascular Assessment Study and Dapagliflozin Effect on Cardiovascular Events -Thrombolysis in Myocardial Infarction 58 [9] [10] [11] [12] . The protective effects of SGLT2i on renal function were observed in albuminuria and in the renal hard end-points including a ≥40% decrease in eGFR to <60 mL/min/1.73 m 2 , new ESKD, or death from renal or cardiovascular causes, and the effects were consistent in all three SGLT2i trials. The beneficial effects on renal end-points were likely to be class effects of SGLT2i based on the functional mechanism and the study results. These studies have predominantly included patients with normal renal function (eGFR ≥60 mL/min/1.73 m 2 ) and just 25.8, 20.1 and 7.4% of patients in each study had an eGFR of 30-60 mL/min/1.73 m 2 ; patients with an eGFR <30 mL/min/1.73 m 2 were excluded [9] [10] [11] . The glucose-lowering efficacy of SGLT2i in the patients with an eGFR <45 mL/min/1.73 m 2 is diminished because of their reduced glucose filtration, and thus, treatment with SGLT2i is not currently recommended when eGFR is significantly reduced. The safety of SGLT2i in patients with more severely impaired kidney function (i.e., eGFR of 15-45 mL/min/1.73 m 2 ) and its effect on renal function is not fully understood. Therefore, we investigated the effects of SGLT2i on renal function in ESKD high-risk patients with type 2 diabetes whose eGFR was <60 mL/min/ 1.73 m 2 and had declined >20% over 2 years.
METHODS

Study population
Patients were eligible for inclusion in the treatment cohort if they had type 2 diabetes mellitus, were at high risk of ESKD (eGFR <60 mL/min/1.73 m 2 and eGFR decline rate ≥20%/ 2 years) and had been treated with SGLT2i for >2 years. As a control, patients without SGLT2i administration who were at high risk of ESKD were also included. The exclusion criteria included patients with the following: type 1 diabetes, type 2 diabetes mellitus who were aged <20 years, did not provide consent, poor adherence or interruption of the medication, lack of eGFR data at 2 years before SGLT2i initiation and eGFR ≥60 mL/min/ 1.73 m 2 . The %DeGFR-2y was calculated using the following formula: %DeGFR-2y = (eGFR at starting SGLT2i) -(eGFR before 2 years of the starting) / (eGFR before 2 years of the starting); % DeGFR+2y = (eGFR after starting SGLT2i) -(eGFR at the starting) / (eGFR at the starting).
Protocol
This was a retrospective, longitudinal study of patients with type 2 diabetes mellitus and CKD, who initiated SGLT2i with a minimum of 2 years of follow up after initiation. Data were collected between April 2014 and December 2018 at the outpatient center at the Kurihara Clinic. Two periods of medical history were reported: before and after the SGLT2i initiation date. The baseline was defined as the date that SGLT2i was initiated. Outcome data were collected from the patients' medical records as follows: 2 years before and after baseline, as well as 1-2 months and 1 year after baseline. Baseline data for age, sex, duration of diabetes, and medications for diabetes and hypertension were also collected. Common measurements, such as bodyweight, body mass index, systolic and diastolic blood pressure, glycated hemoglobin (HbA1c), plasma glucose, fasting insulin or C-peptide, kidney and liver function tests, and the urinary albumin creatinine ratio (UACR) at each clinic visit were also collected. Because the eGFR data were variable at each clinic visit, the average of three eGFR test results just before -2, 0 and + 2 years after initiating SGLT2i were used. The eGFR 1-2 months after initiating SGLT2i was also used as an eGFR initial data point.
The primary objective was to assess the clinical effectiveness of SGLT2i on renal function by analyzing the change in eGFR at 2 years after initiating SGLT2i (%DeGFR+2y) compared with that at 2 years before its initiation (%DeGFR-2y). A secondary objective was to investigate the variables associated with %DeG-FR+2y, to identify the preferred type 2 diabetes mellitus patients with a high risk of ESKD in whom SGLT2i should be initiated and to compare %DeGFR+2y between the groups with or without SGLT2i administration. Another secondary objective was safety of SGLT2i in these patients.
The opt-out consent procedure was used in the study. This study was registered with the University Hospital Medical Information Network (UMIN) Center (#000035263), approved by the institutional review board of Japan Clinicians Diabetes Association, and carried out in accordance with the Declaration of Helsinki.
Statistical analysis
The paired t-test, Wilcoxon rank-sum test or the v results were expressed as the mean -standard deviation for normally distributed data, and as the median and 95% confidence (95% CI) interval for non-normally distributed data. To compare multiple groups, we used the Kruskal-Wallis test followed by the post-hoc Dunnett's test. To examine which factors are associated with %DeGFR+2y, we carried out Spearman's rank correlation coefficient test. Additionally, to examine which factors independently determined %DeGFR+2y, we carried out multiple regression analysis, and P-values <0.05 were considered to denote statistical significance. Statistical analyses were carried out using JMP Pro version 14.0.0 (SAS Inc., Cary, NC, USA).
RESULTS
The reduction in %DeGFR-2y was >20% in 17 patients (18.5%), who were defined as the patients with a rapid decline in renal function (rapid eGFR decliners), among 92 type 2 diabetes mellitus patients with CKD who were treated with SGLT2i for >2 years 7 ( Figure 1 ). The average age, body mass index and HbA1c were 68.5 years, 30.1 kg/m 2 and 7.3%, respectively, in the 17 participants. The control group comprised 58 rapid eGFR decliners without SGLT2i administration ( Figure 1 ).
For CKD staging among the 17 patients, six were G3a (45-60 mL/min/1.73 m ). Diabetic nephropathy, based on the Japan Diabetes Society guidelines, was as follows: six were stage 1, three were stage 2, four were stage 3 and four were stage 4. Half of the rapid eGFR decliners had normo-or microalbuminuria (i.e., stage 1 or 2). eGFR was 38.3 -12.1 mL/min/1.73 m 2 , and %DeGFR-2y was -31.7%
(95% CI -64.4 to 20.2) at baseline. There were no significant differences in baseline parameters between the groups with and without SGLT2i administration, except baseline age, body mass index and the prevalence of diuretics administration ( Table 1) .
The median eGFR at 1 and 2 years after administering SGLT2i was 39.0 and 39.6 mL/min/1.73 m 2 , respectively, and they were comparable with the baseline eGFR (38.3 mL/min/ 1.73 m 2 ). The overall %DeGFR+2y was +2.3% (95% CI -48.8 to 56.9), and it was significantly higher compared with the % DeGFR+2y (-21.7%) in the control group (P < 0.0001; Figures 2,S1 ). HbA1c, UACR and systolic/diastolic blood pressure did not change with the administration of SGLT2i for 2 years (from 7.29 -0.96% to 7.16 -0.62%, from 76.6 to 60.4 mg/g and from 126.2 -22.3/70.9 -14.2 to 130.6 -20.0/ 73.6 -13.7 mmHg, respectively). Bodyweight was decreased from 73.4 -11.2 to 70.3 -13.0 kg with SGLT2i administration, but the difference was not significant. There were no significant differences in the changes in HbA1c, UACR and systolic/diastolic blood pressure between the groups except for bodyweight ( Figure S2) .
Next, the associated variables with %DeGFR+2y in the patients with SGLT2i administration were investigated in a bivariate analysis (age, sex, duration of diabetes, baseline kidney and liver function tests, baseline UACR, baseline and change in HbA1c, blood pressure, or medications). %DeGFR-2y, baseline alanine transaminase and baseline systolic/diastolic blood pressure were inversely correlated with %DeGFR+2y (P = 0.024, 0.029 and 0.018/0.007, respectively). Based on the simple linear regression analysis and multiple regression analysis for %DeG-FR+2y as the dependent variable, only %DeGFR-2y was an associated (Table S1 ) and an independent determinant of the % DeGFR+2y (P = 0.024; Table 2 ). A similar tendency for association was observed when only data from patients with eGFR <45 mL/min/1.73 m 2 were analyzed ( Figure S3 ). An obvious initial decrease in eGFR (≥1.0 mL/min/1.73 m 2 ) was shown in seven patients among the 17 patients with SGLT2i administration, and the average of the overall decrease was -1.48 mL/min/1.73 m 2 . Diuretics were discontinued in seven patients when SGLT2i was initiated, and in three patients during the following 2 years of treatment. Of the 17 patients, 10 discontinued diuretics, and an initial decrease was not seen in seven of the 10 patients. The initial decrease in the eGFR was significantly smaller in patients who had discontinued diuretics (n = 10) compared with those who continued diuretics (n = 7; P = 0.004; Figure 3 ).
There were no serious adverse effects in the 17 patients for ≥2 years after initiation of SGLT2i. There was no increase in the overall adverse renal events including acute kidney injury (AKI) in the patients who initiated SGLT2i at this center.
DISCUSSION
Diabetic kidney disease (DKD) is the leading cause of ESKD in Japan and worldwide 13, 14 . More than a 20% decline in eGFR over a 2-year period was reported to be a candidate surrogate marker in a Japanese cohort study 7 . Despite optimal diabetes Data are presented as the mean -standard deviation or as the median (95% confidence interval). %DeGFR-2y, estimated glomerular filtration rate was <60 mL/min/1.73 m 2 and had declined >20% over 2 years; a-GI, alpha-glucosidase inhibitor; ACE-I, angiotensin-converting enzyme inhibitor; ACR, albumin-to-creatinine ratio; ARB, angiotensin II receptor blocker; BMI, body mass index; BP, blood pressure; DPP4i, dipeptidyl peptidase-4 inhibitors; HbA1c, glycated hemoglobin; OHA, oral hypoglycemic agents; SGLT2i, sodium-glucose cotransporter 2 inhibitors. care, including good glycemic control and treatment of hypertension through renin-angiotensin system inhibition, a large residual risk for developing DKD and its progression remains 15 , and there is a great unmet need for treatment. In clinical trials that investigated the cardiovascular safety of SGLT2i [9] [10] [11] , secondary effects of preventing or reducing albuminuria and the decline in eGFR spurred further investigation into their potential application in DKD 16 . 17, 18 . Changes to the recommendations could be forthcoming, depending on these results.
In the present study, we initiated SGLT2i treatment in patients with type 2 diabetes mellitus who were at high risk of ESKD. Although there have been several studies including patients with type 2 diabetes mellitus and stage 3 CKD [19] [20] [21] [22] and one study including patients with type 2 diabetes mellitus and stage [3] [4] , this is the first report on the effects of SGLT2i in rapid eGFR decliners with type 2 diabetes mellitus and stage 3-4 CKD (i.e., eGFR 15-59 mL/min/1.73 m 2 ). We also showed that SGLT2i prevents a further decline in eGFR and that it has a good safety profile. Treatment with SGLT2i is not currently recommended when eGFR is significantly reduced (<30 or 45 mL/min/1.73 m 2 ) 23, 24 . These indications resulted from a concern about reduced glycemic efficacy and a lack of safety data, such as information on AKI in the DKD population. The US Food and Drug Administration has strengthened the existing warning about the risk of AKI for SGLT2i. However, recent studies reported that SGLT2 use in type 2 diabetes mellitus patients was not associated with an increased risk of AKI 22, 25 . D%Bodyweight-2y, change in bodyweight over 2 years before sodium -glucose cotransporter 2 inhibitor initiation; D%eGFR-2y, estimated glomerular filtration rate was <60 mL/min/1.73 m 2 and had declined >20% over 2 years; D%HbA1c-2y, change in glycated hemoglobin over 2 years before sodium-glucose cotransporter 2 inhibitor initiation; D% SBP-2y, change in systolic blood pressure over 2 years before sodiumglucose cotransporter 2 inhibitor initiation; eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure. We showed, in the present study, that eGFR was not decreased in the 2 years after initiating SGLT2i (DeGFR+2y), although eGFR in the control group continued to decrease during this time. We showed that SGLT2i maintained its beneficial effect on renal function, even in type 2 diabetes mellitus patients with stage G3 and G4 CKD. Besides the benefits resulting from lowering blood pressure and weight loss, SGLT2i promotes anti-inflammatory and antifibrotic pathways, and reduces glomerular hypertension and hyperfiltration through restoring tubuloglomerular feedback [26] [27] [28] [29] . In addition to modifying these abovementioned factors, SGLT2i might improve renal oxygenation through erythropoietin-mediated effects on hematocrit 30 . Each residual nephron in the kidney of patients with DKD is overloaded because of the small number of nephrons. Less energy expenditure in the proximal tubule through blockade of glucose and sodium reabsorption, and a greater oxygen and energy (increased ketone body) supply for each residual nephron might be more beneficial for severely damaged kidneys in patients with DKD. In the present study, we identified that the improvement of %DeGFR+2y was more significant in the patients with a more severe decline in eGFR within the past 2 years (%DeGFR-2y). This might be related to the mechanism of the residual nephron overload. Although there was no information regarding renal decline before initiating SGLT2i in the previous prospective studies 23, 31 , %DeGFR-2y should be measured in all patients with type 2 diabetes mellitus at clinical follow up to determine the benefit of kidney protection that results from SGLT2i administration.
SGLT2 inhibition causes a characteristic decrease in eGFR soon after initiation of therapy by 4-6 mL/min/1.73 m 2 because of its putative afferent vasoconstrictive effect 32 . Half of the participants (n = 10) did not show an initial decrease in eGFR in the present study (Figure 3 ). The mechanism is not fully understood, but glomerular blood flow could be maintained, rather than increased, by discontinuing diuretics. SGLT2i provides better control of heart congestion by reducing interstitial fluid volume to a greater extent compared with blood volume (i.e., preservation of intravascular volume and reduced volume overload), whereas loop diuretics reduced intravascular volume more than interstitial fluid volume 33 . Patients allocated to the empagliflozin group in the Empagliflozin, Cardiovascular Outcomes and Mortality in Type 2 Diabetes trial had a loop diuretic added to their regimen less often, suggesting that empagliflozin had a "loop diuretic-sparing" agent 34 .
A limitation of the present study is that it was carried out retrospectively. The primary objective of this study was to assess the 2 years before, as well as the change of eGFR at 2 years after, initiating SGLT2i. This is too difficult to investigate prospectively. Another limitation of this study was the relatively small study population. There was a limitation in the assessment of SGLT2i adverse effects in stage 4 CKD, because the population was too small in this study. The present study included 553 type 2 diabetes mellitus patients who received SGLT2i for more than 2 years, and a larger study in multiple facilities should be carried out to address these limitations.
Rapid eGFR decliners comprised 18.5% of the patients with type 2 diabetes mellitus and CKD. Almost all failed to notice the decline, and half of them had no macroalbuminuria. We elucidated in the present study that SGLT2i protected kidney function in rapid renal function decliners with type 2 diabetes mellitus and CKD, and the extent of improvement was more significant in the patients with a more severe decline in renal function before the initiation. In conclusion, the decline in the rate of eGFR, other than albuminuria, should be measured in all patients with type 2 diabetes mellitus, and SGLT2i is a promising agent that might resolve many unmet needs to prevent DKD development and progression.
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Additional supporting information may be found online in the Supporting Information section at the end of the article. Figure S1 | Changes in (a) glycated hemoglobin (HbA1c), (b) bodyweight, (c) urinary albumin creatinine ratio (UACR), (d) systolic blood pressure and (e) diastolic blood pressure. Data are presented as the mean -standard deviation, *P < 0.05. n.s., not significant. Figure S2 | Changes in HbAlc (A), body weight (B), urinary albumin creatinine ratio (UACR) (C), systolic blood pressure (D), and diastolic blood pressure (E). n.s., not significant. Data are presented as the mean -SD. P < 0.05. Figure S3 | The association between those whose estimated glomerular filtration rate (eGFR) was <60 mL/min/1.73 m 2 and had declined >20% over 2 years (%DeGFR-2y) and change in eGFR 2 years after initiation (%DeGFR+2y) in the patients with type 2 diabetes and (a-c) stage G3 and G4 chronic kidney disease or (d-f) stage G4 chronic kidney disease in the subgroup of patients (c,f) with or (b,e) without rapid renal function decline. 
